It is proved in a quite general Feynman diagram model that the presence of diffractively produced inelastic channels at high energies leads to a decrease in the total cross section below as well as above the threshold for the process. A nondiffractive channel is shown to lead to the opposite effect, namely, the total cross section is increased at large energies. Asymptotically, the former behavior agrees with the results of the eikonal approach and the Gribov Reggeon calculus.
I. Introduction
The observed rise in the proton-proton total cross section at the CERN-ISR' has generated considerable speculation on the possible existence of a new and unexpectedly large energy scale in strong interactions.
On the theoretical side, the Mueller-Regge approach has led to simple and physical relations between production processes and elastic scattering.
2 The resulting analysis of diffractive fragmentation processes has led to the identification of positive contributions to the total cross section which increase with energy3 and which may be of the same size as the observed rise. However, it has recently been pointed out that in the eikonal approach, the term which is linear in the triple Pomeron coupling is negative definite for asymptotic energies. 4 This is in agreement with Gribov's Reggeon calculus. 5 It is our purpose here to give a simple non-asymptotic analysis, valid around threshold, of this result and the physics involved.
In those papers which try to relate the increase in the p-p total cross section to the sharp rise in the inclusive proton cross section near x z 1, where x is the Feynman scaling variable, it is commonly assumed (and quite naturally) that an increase in the diffractive excitation cross section normally produces a rise in the total cross section and that the other contributions remain more or less the same. 6
In this paper, this threshold effect is reexamined and it is shown that despite expectations to the contrary, the effect on this total cross section of a rapidly rising inelastic cross section depends critically on whether the final state is diffractively produced or not. If the production mechanism is predominantly real, such as the case of real particle exchange, then the total cross section rises; however, if the production mechanism is diffractive, then the total cross section decreases with the onset of the inelastic process. The point is that in this case a rise in the fragmentation cross section normally produces twice as much fall in the cross section for events with no rapidity gap. This reversal will certainly have an effect on the decoupling theorems7 as was briefly discussed in reference 4.
In order to illustrate this rather unexpected behavior which is nevertheless true in potential scattering, 8 let us examine a very simple two-channel model of the scattering matrix which is dominated by absorption. Unitarity of the Smatrix will be guaranteed by writing it in matrix form in impact parameter space.
An angular momentum expansion yields the same result. In this section, we will consider scattering amplitudes which are built up of ladder graphs, window graphs, and fragmentation graphs. It is necessary to divide the asymptotic and intermediate states into channels which will be labeled by the number of rapidity gaps present in them. Only zero and one-gap states will be considered but higher numbers can be trivially included. Their corresponding Green's functions will be denoted by Go and Gl; the elastic two-body state will be dealt with explicitly and its propagator is Ge. The G's are collections Since the major interest here is to explore the consequences of diffraction, it will be assumed that Go is dominated by its imaginary part. We will set Go = -i do, where do 2 0 and it contains the mass-shell delta functions of the particles in the rungs of the ladder. It is also true that at high energies, the elastic Green's function Ge is dominated by its imaginary part so that Ge = -i de.
It is not necessary to make this approximation in all cases but it simplifies the discussion. The effect of varying x from zero to one is determined by integrating
which is a positive definite operator. Therefore, under the stated assumptions, the total cross section definitely increases as nondiffractively produced one-gap states are introduced. This is to be contrasted with the result in the next section. It will now be assumed that Go and Ge are purely imaginary, but since threshold effects of the one-gap states are of interest, the real part of Gl will not be neglected. Below threshold, Gl is real and negative definite.
Tie is seen to be basically diffractive under these assumptions.
It is convenient to symmetrize the operators present in CT, and after a The above operator inequality which is our main result must hold for any diagonal matrix element and hence the total cross section must be less than the value given by neglecting elastic and one-gap intermediate states. This latter value is usually termed the "bare Pomeron. "
One readily sees that an ever increasing contribution from the one-gap states actually damps the total cross section towards zero. Note also that by virtue of the sign reversal, the real part of the scattering amplitude coming from the fragmentation states becomes positive at sufficiently large energies.
11 This is opposite to the expectation from dispersion relations and to the idea that the fragmentation states lead to a rise in the cross section as in case (a) in the ISR energy range.
